This paper examines the asymmetric behaviour of health care expenditure and disposable income in the 50 US states over the period 1966-2009 using nonparametric Triples test techniques. The results suggest that for 23 US states, real per capita health expenditures are characterized by asymmetric behaviour, while real per capita personal disposable income series exhibit asymmetric behaviour in 7 US states. Therefore, the main findings question the adequacy of linear models when modelling the behaviour of these two series.
Introduction
The proportion of national economies spent on health care in most modern industrialised countries has risen steadily over the past years. The reasons often mentioned for such ascending pattern are coincident with improving technology, available health insurance coverage, aging population and price inflation. The level of health care expenditures has always been among the main concerns of governments, policy makers, trade unions and citizens of the US (Freeman, 2003; Panopoulou and Pantelidis, 2013) . US health care expenditures are by far highest in the world placing healthcare reform at the center of political and economic debates (Blavin et al., 2012; Guemmegne et al., 2014) . For example, in 2013, $2.9 trillion was spent on health care in the US (Hartman et al., 2014) . Health spending accounted for 16.9% of GDP in US in 2012 with the highest share among OECD countries and more than 7½ percentage points above the OECD average of 9.3% (OECD Health Statistics, 2014) . In contrast to most OECD countries, health spending in the US is split evenly between public and private sources. In 2012, 48% of health spending in the US was publicly financed, well below the average of 72% in OECD countries.
Furthermore, the health spending is projected to grow at an average rate of 5.8% from 2012-2022, 1.0% point faster than expected average annual growth in the GDP. In a recent study Caporale et al. (2015) summarise that the disposable income, together with other demand and supply factors such as medical technological progress or demographic trends, is one of the key drivers of healthcare demand and therefore expenditure.
Given such a huge magnitude of expenditure on health and its policy implications, it is relevant to examine the statistical behaviour of such macroeconomic variables. The behaviour of US total healthcare expenditure is complex and difficult to model (Guemmenge et al., 2014) . So far, most studies have focused on modelling the economic characteristics of health expenditures.
Such analyses are not sufficient since such theoretical models estimated and tested on the assumption of symmetric business cycles and linear data generating process. Consequently, if the disturbances are not symmetric, the results from unit-root and cointegration tests will be spurious (Narayan, 2009 ).
Empirical findings on asymmetric behaviour business cycles are at best mixed; while some find symmetrical behaviours, others asymmetric behaviour (Narayan, 2009; Chirila and Chirila, 2012) . Such mixed findings are due to the fact that a variety of methodologies are applied to different countries in different time periods (Peiro, 2004) . Similarly, there are also inconsistencies in the empirical findings of analyses of US national health care expenditures as justified by Getzen (2013 (Narayan, 2009; Zerihun et al., 2014) . To the best of our knowledge this study is the first attempt to test for asymmetric behaviour of these relevant variables at US state level using nonparametric Triples test.
The rest of the paper is organized as follows. The following section presents the literature review on asymmetric behaviour of income and health care expenditures and on the nonparametric methodology employed in this study. Section 3 defines the data set and presents the empirical results. Finally, Section 4 concludes.
Literature review and methodology

Literature review
The relationship between health care expenditures and disposable income has been extensively examined given its important policy implications (see, for example, Gerdtham and Lothgren, 2000; Di Matteo, 2003; Narayan, 2006 Narayan, , 2009 Baltagi and Moscone, 2010; Freeman, 2012 and, recently, Caporale et al., 2015 . Most recent studies attempt to analyse such a relationship using parametric methods (see, for example, Wang, 2009; Freeman, 2012; Acemoglu et al., 2013; Yavuz et al., 2013; Caporale et al., 2015, among others) . For example, Gerdtham and Lothgren (2000) tested a long run relationship between health expenditure and income using cointegration techniques. In another study, Narayan (2006) analyzed whether shocks have a permanent effect or a transitory effect on health care expenditure and income. Recently, Caporale et al. (2015) focus on health expenditure and income proposing fractional integration techniques. All the previous analyses are based on the assumption of symmetric business cycles and linear data generating process, so that their main conclusions rely on this assumption and could not be valid under asymmetric business cycles.
In a previous paper, Narayan (2009) proposed a nonparametric Triples test to study asymmetric per capita health expenditures and per capita GDP for 11 OECD countries. In this study we also use a nonparametric Triples test as described in the next section. Triples test was first developed by Randles et al. (1980) and later introduced to the economics literature by Verbrugge (1997) and Razzak (2001) , respectively. In this paper, and following Narayan (2009), we also propose to use Triples test to model health care expenditures and income.
There is a general believe that most economic variables exhibit asymmetric behaviours.
In the business cycle literature, there are two types of asymmetric behaviour: deepness (transversal) and steepness (longitudinal).
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A deep asymmetry arises when the series remains above trend for longer periods than below trend, whereas cycle troughs are further below trend, in absolute value, than the cycle peaks are above trend. In contrast the steepness asymmetry is characterized by steeper contractions in a series than expansions over the business cycle (Panopoulou and Pantelidis, 2013) .
Methodology: the Triples test
Triples test was initially developed by Randles et al. (1980) . To perform the Triples test, we face the immediate problem of decomposing the series into trend and cyclical components. To estimate deepness asymmetry, the series needs to be decomposed and de-trended to leave only the cyclical component of the series. Despite its limitations, we use the Hodrick-Prescott filter to detrend the time series (Narayan, 2009; Chirila and Chirila, 2012; Zerihun et al., 2014) .
Likewise, to estimate the steepness asymmetry we used first differenced data. We then apply the Triples test to evaluate the symmetry of the classical cycles.
Intuitively, the Triples test counts all possible triples from a sample of size (i.e., 3 combinations) of a univariate time series. When most of the triples are right-skewed, the time series said to be asymmetric. If , and are three distinct integers such that 1 , , , the triple of observations , , forms a right triple or skewed to the right if the middle observation is closer to the smallest observation than it is to the largest observation. This is illustrated by:
Formally, let ,…, denote a random sample drawn from where • is a cumulative distribution function for a continuous population with 0 and is the median of the population.
where 1, 0 or or equal to when u is equal, greater, or smaller than 0.
Then we say , , forms a right triple if * , , . Note that * , ,
can only assume the values 1/3, 0, 1/3. We define a left triple (looks skewed to the left) as any , , for which * , , (again see the figure above). Finally, when * , , 0, the triple is neither right nor left skewed. This last event, however, has probability zero when sampling from a continuous population. The proposed test statistics is then the U statistics given by:
So that
It follows from Hoeffding (1948) that this is a U statistics estimate
with
where
and * , … , * , … , , , … , .
Letting 9 and since 1 , Randles et al. (1980) use the Slutsky theorem to show that / ̂ ⁄ also has a standard normal limiting distribution. We now discuss the appropriate hypotheses to be tested. First note that if the underlying distribution is symmetric, 2 has the same distribution as 2 and therefore, 0.
Hence we can use ̂ as a statistic for testing,
This is a two-sided test, but could possibly be a one-sided test. This test is used to test the hypothesis that the distribution is symmetric around the unknown median against a broad class of asymmetric alternatives. The Triples test interpretation goes with hypothesis testing in equation (8). If we have significant evidence to reject the null hypothesis it means asymmetry. If we fail to reject the null hypothesis the opposite holds true.
The simple nature of *
• makes , and expressible in terms of probabilities, and thus it is possible to use U statistics to estimate these quantities consistently as follows: * with * *
Similarly,
and ̂ .
Replacing each with and in the expressions and gives the estimators and . Both estimators are consistent because each is written as a linear combination of U statistics.
To test the hypothesis in (8) Although we have illustrated how to construct an asymptotically distribution-free test of (8), we should keep in mind that the parameter is defined in terms of the distribution of the triple , and rather than the original distribution.
Data and empirical results
Data
For The same data set is already used by a recent study by Caporale et al. (2015) .
Empirical results
Initially, we run Triples test using per capita health care expenditure. The results on asymmetry or otherwise in real per capita health expenditures for a panel of 50 US states are presented in Table 1 . In panels (a) and (b) we present the results on deepness (asymmetry in the levels around a de-trended series, based on the Hodrick and Prescott (1997) filter) and the results on steepness (asymmetry in the first difference of the series, i.e., the growth rates, given that the variables are in their natural logarithmic form), respectively. Note that, if the first differenced data are asymmetric, then it implies that contractions are steeper than expansions (Narayan, 2009) , while asymmetry of a detrended series implies that the length of the trough is deeper than the height of the peak (Sichel, 1993) . The Triples test is also able to distinguish between negative and positive asymmetry. Positive steepness suggests that the series has undergone rapid increases over a short period of time, and slow gradual decreases over a long span. Negative steepness, on the other hand, would be indicative of the fact that the series has fallen rapidly and has risen slowly (Razzak, 2001) . The positive deepness implies cyclical peaks are greater than the troughs, while negative deepness is indicative of the fact that troughs are higher than the peaks (Cook, 2006 out of 11 OECD countries present asymmetric behaviour in per capita health care expenditure and income per capita. Table 2 about here >
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Conclusions
Results and interpretations from theoretical models estimated and tested on the assumption of symmetric business cycles and linear data generating process will be unauthentic if the disturbances are not symmetric. Inaccurate results from such theoretical applications can be very costly in the context of US where there is substantial proportion of national economies spent on health care. Clearing such doubts for the sake of appropriate policy exercise in US is innovative by its own right. For these reasons we tested for possible asymmetric behaviour of per capita health expenditures and per capita disposable income for a panel of 50 US states using the nonparametric Triples test.
Our main findings suggest the following. The results suggest that for 23 US states, real per capita health expenditures are characterized by asymmetric behaviour, while real per capita disposable personal income series exhibit asymmetric behaviour in 7 US states.
To sum up, asymmetry exists in both data series implying that using linear models for income and health expenditure analysis is problematic. Particularly, empirical estimations and tests carried out on per capital disposable income expenditures using models based on the assumption of symmetric business cycles and linear data generating process are questionable.
Therefore, for empirical analysis using US state level data on per capita health expenditures and real per capita disposable personal income, we suggest the use of nonlinear models or models that capture asymmetric disturbances that are likely to be more appropriate than standard linear structural or time series models. The findings in this study are in line with the findings previously recommended by Narayan (2009) for selected OECD countries. 
